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THE  EFFLC1  OF  HAW  AND  AIR  FORCE 
AIRCRAFT  ENGINE  TEST  CELLS  ON  AMBIENT  AIR  QUALITY 

A.  INTRODUCTION 


An  elaborate  study  of  six  installations  was  initiated  to  determine 
the  contribution  of  jet  engine  test  cells  to  the  air  quality  surrounding 
DoD  air  bases.  Three  Air  Force  and  three  Naval  installations  were 
chosen  for  analysis  because  of  their  unusually  large  test  cell  oper- 
ations. These  locations  were:  the  Naval  Air  Stations  at  Alameda, 

Norfolk,  and  Jacksonville,  and  Kelly,  Tinker,  and  Nellis  Air  Force 
Bases.  All  of  these  except  Nellis  AFB  are  major  turbine  engine  overhaul 
faci 1 i ties . 

There  is  no  simple  way  to  experimental ly  measure  the  air  quality 
impact  of  specific  sources  such  as  engine  test  cells.  To  do  so 
requires  accurate  determination  of  background  levels  of  each  pollutant, 
strict  control  over  all  other  emission  sources  by  the  experimenter, 
exact  duplication  of  meteorological  conditions  with  and  without 
operation  of  the  source  in  question,  and  accurate  measurements  of 
pollutant  concentrations  over  an  extensive  receptor  network.  Because 
of  the  difficulty,  time  (several  years),  and  expense  associated  with 
measurement  programs,  the  only  viable  alternative  is  modelling.  The 
technical  literature  contains  limited  and  often  conflicting  data  on 
the  accuracy  of  dispersion  models.  However,  air  quality  modelling 
techniques  are  widely  accepted  and  used.  No  better  technique  is 
available  to  relate  complex  emission  sources  to  air  quality  levels. 

An  air  quality  assessment  model  (AQAM)  was  developed  jointly  by 
the  Argonne  National  Laboratory  and  the  USAF.  It  was  designed  to 
predict  air  quality  in  the  vicinity  of  DoD  air  bases  for  five  regu- 
lated pollutants:  carbon  monoxide,  hydrocarbons,  oxides  of  nitrogen, 

total  suspended  particulates,  and  sulfur  dioxide.  One  can  then  compare 
impact  of  individual  sources  or  classes  of  sources  with  one  another 
and  to  health  and  welfare  effects  as  characterized  by  ambient  air 
quality  standards. 

AQAM  consists  of  four  functional  elements: 

a.  The  Source  Inventory  Program  computes  annual  emissions  from 
operational  data  for  stationary,  ground  mobile,  and  aircraft  sources. 
The  operational  data  include  not  only  simple  quantitative  emission 
information  but  also  detailed  emission-time  correlations.  These 
emission  data  are  used  in  conjunction  with  relevant  meteorological 
data  to  predict  ambient  air  concentrations  by  either  the  Short-term  or 
Long-term  Dispersion  Programs. 
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b.  The  Short-term  Program  calculates  1-hour  average  concentrations. 
Numerous  meteorological  parameters  are  considered  including  wind  speed 
and  direction,  atmospheric  mixing  depth,  and  temperature.  The  combination 
of  these  parameters  which  result  in  the  highest  pollutant  concentrations 
are  defined  as  the  "worst  case1'  condition. 

c.  The  Long-term  Program  calculates  average  concentrations  for 
periods  up  to  1 year.  The  Long-term  Program  was  not  used  because  the 
Short-term  hourly  predictions  indicated  that  annual  averages  would  be 
insignificantly  low. 

d.  The  fourth  element  of  AQAM  is  the  Meteorological  Data  Program 
which  is  used  to  analyze  climatological  records  at  each  specific  lo- 
cation of  interest.  The  probability  of  occurrence  of  various  dispersion 
situations  is  computed  for  use  in  the  Long-term  Program. 

This  test  cell  study  is  part  of  a general  AQAM  study  which  covers 
stationary,  ground  mobile,  and  aircraft  emission  sources  at  thirteen 
military  installations.  Analysis  and  technical  report  preparation  of 
the  general  AQAM  study  is  still  underway  and  will  be  completed  in  1977. 
However,  test  cel1  and  air  operations  data  have  been  made  available  to 
analyze  their  contribution  to  the  ambient  air  quality.  Data  in  the 
general  AQAM  study  relative  to  stationary  and  mobile  sources  may  be  of 
interest,  but  have  no  direct  bearing  on  the  test  cell  study.  An  addi- 
tional study  includes  extensive  ambient  measurements  at  Williams  AFD 
to  determine  the  accuracy  of  AQAM  predictions.  Continuous  ambient 
air  quality  data  will  be  measured  through  June  1977  (or  beyond  if 
required)  and  will  be  followed  by  a statistical  evaluation  of  the 
measured  versus  predicted  comparisons. 

B.  AIR  QUALITY  ANALYSIS  TECHNIQUES 

The  short-term  (1-hour)  period  during  which  the  highest  pollutant 
emission  rates  occurred  for  each  location  was  selected  for  analysis. 
Numerous  combinations  of  meteorological  conditions  were  selected  to 
determine  the  "worst  case”  dispersion  conditions  likely  to  be  encoun- 
tered. For  the  purpose  of  this  report  the  "worst  case"  was  selected  to 
be  the  worst  combination  of  dispersion  conditions  that  would  occur  twice 
yearly.  These  "worst  case"  conditions  normally  occur  during  the  morning 
hours.  Wherever  possible,  air  quality  during  these  worst  case  conditions 
were  compared  with  available  air  quality  measurements  and  standards.  It 
should  be  emphasized  that  "worst  case"  conditions  represent  1-hour 
conditions  <.hat  might  occur  twice  a year.  Predicted  levels  do  not 
represent  average  dispersion  conditions  throughout  the  year. 

Predictions  were  made  of  the  relative  air  quality  impacts  of 
test  cells  and  aircraft.  A comparison  of  the  measured  ambient  air  quality 
near  the  base  and  the  predicted  contribution  from  test  cells  was  made. 
Measured  amb’ent  air  quality  information  was  obtained  from  the  EPA 
Report  450/1-74-007  (October  1974)  as  indicated  in  Table  1.  Existing 
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TABLE  1 

HIGHEST  MEASURED  MR  QUALITY  CONCENTRATIONS 
SOURCE  fPA  P[ D0RT  450/1-74-007,  OCT  1974 
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emission  inventories  for  most  areas  were  not  in  a form  which  could 
be  encoded  for  AQAM  computer  modelling.  Therefore,  the  highest 
measured  values  for  pollutants  in  the  vicinity  of  the  base  were  used 
for  comparison  purposes. 

Some  correlations  also  were  made  with  National  Ambient  Air 
Quality  Standards  (NAAQS)  which  are  based  on  different  averaging 
times  (1,  3,  8,  and  24  hours  and  annual)  for  different  pollutants. 

Since  meteorological  conditions  during  successive  hours  of  a specific 
averaging  period  cannot  be  determined  with  reasonable  confidence,  it 
is  not  possible  at  the  present  time  to  predict  pollutant  concentrations 
for  direct  comparison  with  the  3,  8,  and  24-hcur  time  standards. 

Operational  data  were  obtained  by  visiting  each  of  the  six  sites 
modelled.  The  location  of  each  runway,  taxiway,  runup  stand,  aircraft 
parking  area,  and  fuel  area  were  encoded  to  AQAM.  Measured  aircraft 
engine  emission  factors  were  used  whenever  possible.  For  those  few 
engines  where  emissions  wee  not  measured,  estimates  were  made  based 
on  measured  emission  factors  of  similar  engines.  Fuel  spalls  and 
venting  were  also  considered.  Test  cell  operations  reflected  normal 
activity  levels  during  the  time  periods  chosen.  Total  annual  aircraft 
operations  were  consolidated  from  records  and  their  temporal  distribution 
for  monthly  and  diurnal  cycles  obtained  from  flying  schedules  and 
interviews  with  operatic' .>  personnel. 

No  standard  technique  exists  for  the  measurement  of  particulates 
from  aircraft  engines.  Particulate  emissions  measured  by  the  EPA 
Method  5 technique  (as  discussed  in  Section  III-C-1)  are  comprised 
of  two  fractions:  The  "dry"  fraction  as  measured  by  a filter  catch 

and  the  "wet"  or  condensable  material  as  measured  by  impingers. 

Under  this  technique  "total  particulates"  refers  to  the  sum  of  the 
wet  and  dry  fractions.  EPA  method  5 is  generally  not  used  for 
aircraft  engine  emissions  due  to  the  slow  and  costly  nature  of  data 
collection,  and  since  some  material  would  be  condensed  in  the 
samp’ing  train  which  would  not  be  condensed  in  the  atmosphere. 

Because  of  an  inadequate  data  base  of  "total"  particulate  emission 
measurements,  the  "dry"  fraction  as  reported  from  smoke  number 
measurements  is  used  as  the  basis  for  this  AQAM  analysis. 

C.  FINDINGS 

1.  ALAMEDA  ANALYSIS 


Detailed  analyses  of  hydrocarbons,  particulates,  and  NO  are 
included  in  this  section  for  NAS  Alameda  only.  A thorough  analysis 
of  one  location  showed  what  aspects  of  the  analysis  of  the  remaining 
installations  required  emphasis.  Alameda  was  chosen  because  of 
interest  generated  by  a litigation  concerning  test  cell  plume  opacity. 
SOp  and  CO  from  test  cells  were  not  analyzed  in  detail  because  they 
presented  minimal  potential  for  air  quality  degradation. 
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a . Hydr o carbons 

A computer  generated  hydrocarbon  i sop 1 et h (contour  of 
equal  pollutant  concentration)  resulting  from  an  AQAM  short-term  (1- 
hour)  analysis  for  test  cells  alone  is  shown  in  Figure  1.  Maximum 
"worst  case"  hydrocarbon  concentration  predicted  is  1.91  iig/m3 . 

Figure  2 is  a comparison  between  aircraft  and  test  cell  hydrocarbon 
ambient  air  quality  impacts  under  "worst  case"  meteorological  conditions. 
Test  cells  are  only  2.6  percent  of  the  aircraft  air  quality  impact. 

It  is  clear  from  Figure  ? that  jet  engine  test,  cells  are  negligible 
contributors  to  ambient  air  quality  when  compared  to  aircraft. 
Hydrocarbon  ambient  air  concentrations  gene' ated  by  test  facilities 
could  not  be  compared  to  measured  hydrocarbon  levels  in  the  San 
Francisco  bay  area  since  ambient  measurements  were  not  available  in 
the  October  1974  EPA  Report. 

b.  Effect  of  Meteorological  Conditions 

Hydrocarbon  concentrations  resulting  from  jet  engine 
test  cell  operations  under  different  meteorological  conditions  are 
shown  in  Figure  3.  Of  the  six  stabilities  checked,  the  "B"  stability 
produces  the  single  highest  concentration  of  1 . 9ng/ui5  from  test  cell 
sources.  Similar  high  concentration  patterns  result  with  "B"  stability 
for  other  pollutants. 

c.  Oxides  of  Nitrogen 

An  isopleth  of  1-hour  "worst  case"  concentrations  of  NO 
from  test  cells  alone  for  NAS  Alameda  is  shown  in  Figure  4.  The  x 
maximum  "worst  case"  contribution  from  test  cells  alone  is  18(ig/m5. 
Figure  5 is  a comparison  of  NO  concentrations  generated  by  aircraft 
and  test  cell  operations.  Test*cell  NO  ambient  levels  are  58 
percent  of  NO  levels  generated  by  aircraft  operations.  Note  that 
the  meteorol ogi cal  conditions  which  produce  the  peak  test  cell 
contribution  are  different  from  those  producing  the  highest  aircraft 
contribution.  Since  these  conditions  are  mutually  exclusive  total 
pollution  from  test  cells  and  aircraft  together  will  always  be 
substantially  less  than  the  sum  of  the  two  "worst  cases"  (for  NO 
and  other  pollutants  as  well). 

NO  levels  generated  by  test  cells  cannot  be  directly 

compared  to  measured  NO  ambient  levels  since  ambient  levels  are 

based  on  24-i.our  a id  annual  arithmetic  means.  However,  test  cells 

under  "worst  case"  meteorological  conditions  are  less  than  5 percent 

of  the  California  1-hour  NO  standard. 

x 
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January  Weekdays,  0700  - 0800  9QAo  |wr'£^1 

B Stability,  48®  F,  Mixing  Depth  366M,  Wind  lM/Sec  from  290  I V 
UTM  Grid  Origin  X = 559.0  Y = 4168.5  Grid  Spacing  0.5  km 
(Concentrations  In  mlcrograms/cubic  meter) 

Flqure  I.  One  Hour  Hydrocarbon  Concentrations  Near  NAS  Alameda  Due  to  Test  Cells 
Under  Worst  Case  Meteorological  Conditions  (Twice  a Year  Occurrence) 


Figure  2.  Worst  Case  Hydrocarbon  Air  Quality  Predictions  Near  NAS  Alameda 
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Figure  3.  Effect  of  Meteorological  Conditions  on  Hydrocarbon 
Concentrations  Resulting  from  Alameda  Engine  Test  Cells 
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Figure  4.  One  Hour  NO^  Concentration  Near  NAS  Alameda  Due  to 

Test  Cells  Under  Worst  Case  Meteorological  Conditions 
(Twice  a Year  Occurrence) 
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Figure  5.  Worst  Case  N0x  Air  Quality  Predictions  Near  NAS  Alameda 
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d.  Particulates 


Predicted  "wo-st  case"  1-hour  suspended  particulate 
matter  concentrations  aiv-  shown  in  Fiqures  6 and  7.  Fiqure  6 is 
a computer-generated  isopleth  for  test  cells  predicting  a maximum 
particulate  level  concentration  of  0 . 7 ug/m 3 . Figure  7 is  a comparison 
of  aircraft  and  test  cell  particulate  concentrations.  Predicted  test 
cell  concentrations  are  one-third  the  aircraft  concentrations.  One- 
hour  "worst  case"  concentrations  from  test  cells  are  well  below  the 
maximum  24-hour  particulate  level  measurements  (120pg/m3)  made  in 
the  bay  area  (Table  1).  Thus,  if  l-'nour  "worst  case"  operational 
and  meteorological  conditions  prevailed  for  24  hours,  cells  would 
still  be  only  0.6  percent  of  the  highest  measured  air  quality  value. 

e.  Carbon  Monoxide  (CO)  and  Sulphur  Dioxide  (SO^) 

Carbon  monoxide  and  sulphur  dioxide  ambient  air  impact 
were  not  analyzed  since  test  cells  alone  are  insignificant  contributors 
to  ambient  levels  of  CO  and  S0„.  Levels  of  CO  and  SOp  generated  by 
the  cells  would  be  below  the  detection  threshold  of  ambient  air 
measuring  systems.  The  absolute  maximum  predicted  S0.>  concentration 
from  test  cells  is  1.4pg/m3  versus  a minimum  required  sensitivity  of 
25ug/m3  for  the  EPA  reference  method  for  determining  SO2  in  the 
atmosphere.  The  maximum  predicted  CO  concentration  is  9.9ug/m3.  The 
EPA  reference  method  does  not  specify  a minimum  sensitivity  for 
measuring  CO;  however,  it  is  in  the  mg/m3  range. 

2.  ANALYSIS  OF  OTHER  BASES 

a , Hydrocarbons 

The  maximum  1-hour  "worst  case"  ambient  air  hydrocarbon 
concentrations  from  test  cells  alone  for  all  installations  studied, 
are  shown  in  Table  2.  In  all  instances  the  test  cell  levels  are 
below  aircraft  levels  by  a factor  of  20  or  more.  Direct  comparison 
of  predicted  test  cell  hydrocarbon  ambient  levels  to  the  National 
Ambient  Air  Quality  Standards  is  difficult  since  the  ambient  standard 
is  based  on  a 3-hour  period  whereas  input  into  the  AQAM  can  be 
accomplished  for  1-hour  "worst  case"  conditions  only.  However,  In  an 
attempt  to  quantify  test  cell  ambient  level  contributions  toward  the 
NAAQS  levels,  one  could  assume  that  "worst  case"  conditions  would 
prevail  for  a 3-hour  time  period.  If  this  is  done,  the  test  cell  air 
quality  levels  are  less  than  3 percent  of  the  National  Standard  at 
all  installations  studied.  In  actuality,  "worst  case"  meteorological 
conditions  would  not  prevail  over  this  extended  period  of  time,  and 
test  cell  air  quality  impact  averaged  over  the  3-hour  time  period 
would  be  less  than  the  3 percent  of  the  National  Ambient  Air  Quality 
Standard  levels  shown  in  Table  2. 
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TITLE  - NAS  ALAMEDA , TEST  CELLS  ONLY,  PARTICULATES 


January  Weekday,  0700  - 0800 

B Stability,  48°  F,  Mixing  Depth  366M,  Wind  1 M/Sec  from  290° 
UTM  Grid  Origin  X = 559.0  Y = 4168.5  Grid  Spacing  0.5  km 
(Concentrations  in  micrograms/cubic  meter) 


Figure  6.  One  Hour  Particulate  Concentrations  NAS  Alameda  Due  to  Test  Cells 
Under  Worst  Case  Meteorological  Conditions  (Twice  a Year  Occurrence) 


PARTICULATE  CONCENTRATION  tyij/m5) 


Figure  7.  Worst  Case  Particulate  Air  Quality  Predictions  Near  NAS  Alameda 
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AIR  QUALITY  IMPACT:  HYDROCARBONS 


■edictions  are 
iact  less  than 


NO  levels  from  test  cells  alone  under  1-hour  "worst 
case"  conditions  are  shown  in  Table  3.  All  are  below  aircraft 
levels  and  well  below  the  1-hour  California  Air  Quality  Standard 
level  of  470ug/m3.  The  highest  predicted  concentration  represents 
less  than  4 percent  of  this  value. 

c.  Particulates 

The  maximum  1-hour  "worst  case"  concentration  of  par- 
ticulates from  all  bases  studied  are  shown  in  Table  4.  Test  cell 
predicted  ambient  levels  from  all  bases  studied  are  below  aircraft 
particulate  levels  by  a factor  of  3 or  more.  The  highest  1-hour 
predicted  test  cell  contribution  is  less  than  1.3  percent  of  the 
highest  24-hour  ambient  measurement.  Comparison  with  ambient  air 
quality  standards  is  difficult  since  the  ambient  air  quality  standard 
for  particulate  matter  is  based  on  a 24-hour  sampling  period.  If  one 
assumes  "worst  case"  meteorological  conditions  are  constant  for  24 
hours,  which  in  reality  would  not  occur,  the  particulate  levels  from 
test  cells  are  still  less  than  2 percent  of  the  NAAQS  level.  In 
reality  the  levels  over  24  hours  from  test  cells  alone  would  be  less 
than  the  percentages  shown  in  Table  4. 

D.  CONCLUSIONS 

Jet  engine  test  cells  have  no  significant  impact  on  air  quality 
for  any  pollutant  at  any  location  studied.  Test  cell  pollutant 
concentrations  are  considerably  less  than  the  levels  generated  by 
aircraft  operations  and  well  below  measured  ambient  air  quality  data 
in  the  areas  studied.  Direct  comparison  of  predicted  test  cell 
concentrations  to  ambient  air  quality  standards  is  difficult  due  to 
differences  in  averaging  times  (1-hour  predictions  versus  3,  8,  or 
24-hour  periods  for  standards).  Nevertheless,  predicted  air  quality 
concentrations  under  the  "worst  case"  single  hour  conditions  were 
only  a small  fraction  (1/1000  to  1/25)  of  standards  associated  with 
various  longer  averaging  times.  Ambient  carbon  monoxide  and  sulphur 
dioxide  levels  resulting  from  test  cell  emissions  are  insignificant. 
Control  of  any  pollutants  generated  by  test  cells  would  not  measurably 
improve  ambient  air  quality. 


15 


TEST  CELL  AIR  QUALITY  IMPACT:  OXIDES  OF  NITROGEN 
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Concentrations  at  all  other  locations  would  be  less  than  (<in  table)  the  ivnpact  presented. 


TABLE  4 

TEST  CELL  AIR  QUALITY  IMPACT : PARTICULATES 
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indicated  in  table. 

(2)  The  maximum  test  cell  impact  is  computed  by:  Ambi ent Vi f Qua TT ^Standard  -°24  hour 

The  actual  impact  is  less  than  (<) indicated 
because  a 1 hour  prediction  is  worse  than 
a 24  hour  average. 
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